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1. Introduction 
Vast researches have been conducted in the past few 
years based on using FRP (Fiber Reinforcement 
Polymers) sheets in order to strengthen reinforced 
concrete beams. The technology of using FRP sheets was 
first discovered in Swiss Federal Laboratory in 1984 [1]. 
FRP sheets have become widely popular in improving 
and restoring structures, especially concrete structures, in 
the past recent years since they are highly resistant to 
heavy loads, they are resistant to corrosion and chemicals, 
they are resistant to the fatigue caused by loading, and 
they can be quickly installed [2-5]. FRP sheets weigh 
20% the weight of steel and are 2 to 10 times more 
resistant than steel [6]. The above-mentioned fibers are 
widely used in various industries for these superior 
properties [7]. FRP fibers have been used in the aviation 
industry for many years however their use in construction 
industry was limited since these fibers were relatively 
expensive in the past but a proper economical explanation 
can be presented for using them now because these 
materials are being massively produced today and so their 
prices have decreased. With regard to the fact that this 
strengthening technique is new, a lot of work has been 
done in the field of examining the behavior of these 
polymers in the flexural strengthening of concrete beams 
through sticking these fibers to the under- tension areas. 
All these studies have emphasized the mechanical- 
behavior improvement and increased flexural strength of 
the beams [8, 9]. 
In FRP-strengthened beams failure may occur due to 
beam shear, flexural compression, FRP rupture, FRP 
debonding or concrete cover ripping as presented by 
Ascione, et al [10], and Bonacci, et al [11, 12]. Based on 
experimental results conducted by Teng et al [13], the 
most common failure mode is due to debonding of FRP 
plate or ripping of the concrete cover. These failure 
modes are undesirable because the FRP plate cannot be 
fully utilized. In addition, such premature failures are 
generally associated with the reduction in deformability 
of the strengthened members. Premature failure modes 
are caused by interfacial shear and normal stress 
concentration at FRP cut off points and at flexural cracks 
along the beam. Extensive testing of such strengthened 
members has been carried out over the last two decades. 
A number of failure modes for RC beams bonded with 
FRP soffit plates have been observed in numerous 
experimental studies to date [14-33]. 
It is obvious that in addition to the resistance aspects, 
the performance of the under- exploitation members must 
be satisfactory in order to thoroughly examine the 
strengthened beams and this is not realized through 
merely providing the member with sufficient strength. 
The displacements caused under exploitation loads may 
be extremely large in a member which has been designed 
through ultimate strength method in such a manner that it 
damages the non-structural section. On the other hand, 
the initiated cracks in the beam may be so large that they 
could cause corrosion in the armatures which will also 
compromise the appearance.   
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This paper studies bond capacity in reinforced 
concrete beam and its influence on the flexural strength. 
Firstly, it introduces materials and test methods. Then it 
presents the comparison of the results of the experiment 
with the existing theories.  
 
2. Materials and Methods 
The effect of FRP sheets on the flexural 
strengthening of simple concrete- containing concrete 
beams with a common level of resistance has been 
examined in this experimental study. The manner of 
attaching the FRP sheets when constructing the samples 
and strengthening them have been considered as 
variables. Four concrete- containing concrete beams were 
constructed with the same cross section and length and a 
normal level of strength. They underwent a two- point 
flexural test and their exploitation conditions were 
examined. Among the four above- mentioned samples, 
one sample was constructed without FRP and was used as 
the control sample, two samples were constructed with 
one FRP layer underneath the beam for flexural 
strengthening, and one sample was built with two FRP 
layers on both sides for shear strengthening.  
Four concrete- containing concrete beams were 
constructed in this research with the same cross section 
and length and a normal level of strength and they 
underwent a two- point flexural test until they 
experienced failure. The beams were divided into two 
groups. One beam was examined on without being 
strengthened and the rest of the samples were 
strengthened with one glass-fiber layer and then they 
were loaded. All the beams which were experimented on 
were 60 centimeters long they were placed on a 55-
centimeter- wide support and were loaded and tested. The 
loading model of the beams can be seen in Figure 1. With 
regard to the results of the previous experiments [34], the 
length of the consumed FRP was considered to be equal 
to 65 centimeters in order to increase the effect of the 
strengthening and delay the separation of FRP from the 
concrete surface. This length would cover the entire web 
opening length of the beam plus parts of the flanges at the 
end of the beam. 
 
Fig. 1. The loading model of the beam 
 
All the beams have 10×10 cm2 cross sections. Two 
concentrated symmetrical loads which were 25 
centimeters away from each other were used for loading 
purposes. And so the shear span is equal to 25 
centimeters and the ratio of the shear span length to the 
effective depth will be equal to 2.5 which places the 
intended beams in the class of common beams. The 
beams which have been experimented on have been 
shown in Figure 2.  
 
 
Fig. 2. The beams which have been experimented on  
 
2.1 Material Properties 
A 15×30 centimeter cylinder has been constructed in 
this experiment when concreting the samples and it was 
processed under conditions similar to that of beams. 
These samples underwent a pressure test when they were 
28 days old their obtained compressive strength was 
equal to 34.5 MPa. The FRP used in this research was 
made of glass with a density equal to 1800 Kg/cm3. Each 
layer was 0.1 millimeters thick. This material’s behavior 
was linear up to the failure point. The manufacturing 
company had announced its compressive strength and its 
elasticity module equal to 1100 and 35000 MPa 
respectively. The failure strain of the utilized FRP is 
equal to 1.7 percent. The combination plan of the utilized 
concrete is in accordance with Table 1. 
G400 adhesive was used in this experiment. This 
adhesive is a two- component adhesive made by 
combining two adhesives, one as base and the other as the 
main adhesive substance which has been used to stick the 
samples with a proportion of 3 to 1 respectively, before 
combining them. 
 
Table 1. Concrete combination plan 
Component Weight ratio (kg/m3) 
Cement 500 
Gravel 800 
Sand 800 
Water 220 
Sum 2320 
 
 
 
2.2 Sample Preparation 
The properties of the used GFRP materials and the 
intended combination plan were presented in the previous 
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section. The utilized concrete was first prepared in 
accordance with the combination plan by using the mixer 
in order to prepare the samples. 4 beam samples have 
been constructed along with a cylinder- shaped sample 
which is used to obtain the compressive strength of the 
concrete. The samples were kept in the water pool for a 
period of 28 days. The samples were brought out of the 
pool after 28 days and were kept in fresh air for one day 
when they were prepared for attaching the GFPR sheets. 
Based on the opinion of the researchers, it is advisable to 
keep the samples in fresh air for 3 to 7 days and then add 
the GFRP sheets. Anyhow, the GFRP sheets were cut as 
shown below after one day and were strengthened 
through shear and flexural methods by using the adhesive 
which was previously prepared by combining the two 
adhesives with a 3 to 1 proportion. The prepared samples 
were kept in fresh air for a day and then the test was 
conducted similarly in the laboratory for flexural and 
shear samples. Loading of the samples continues to the 
failure points. The manner of cutting and executing the 
FRP on the concrete samples are shown in Figure 3.  
 
 
 
Fig. 3. Cutting and attaching the GFRP sheets 
 
 
3. Results and Discussion 
The beams under bending and also the changes made 
in the values of stress and strain in different stages of 
loading could be examined under the effect of 
concentrated loads. The force- displacement curve of 
these beams have three different gradients the first section 
of the curve is related to the cracking of tensional 
concrete district, the beam is very hard at this stage (like 
the beam which has not been strengthened) the second 
section is related to the cracking of tensional concrete 
district to the rebar yielding where the gradient of the 
graph decreases, however, it is still harder than the beam 
which has not been strengthened and the third section is 
related to the interval between the yielding point of the 
rebar and the point FRP ruptures or when FRP is 
separated from the concrete’s surface. With regard to the 
relatively high elasticity module of FRP materials, 
attaching them on beams increases hardness and 
decreases deflection. Also, the FRP materials have a 
linear stress- strain behavior up to the rupturing point. 
Without absorbing sufficient energy and not having a 
yielding area like the yielding area of steel, it will rupture. 
Therefore installing them on the beam decreases ductility 
and energy absorption it is worth mentioning that the 
decrease in energy absorption is actually due to the local 
yielding of the longitudinal rebar in the rupture zone of 
FRP since the non-strengthened beams will have cracks 
in large areas and the rebar reaches the yield point, while 
in case of the strengthened beams, the rebar only changes 
shape in the rupture stage of FRP and it absorbs energy. 
In general, the ductility of the beam decreases as the FRP 
sheets increase. Therefore with regard to the fact that the 
value of the final strain of FRP materials is much larger 
in comparison with steel, when these materials are 
attached to the flexural surface of the beam through 
epoxy in order to increase the flexural strength of the 
beam, the steel reaches its yield point before the FRP 
composite starts tolerating a heavy load. Therefore it is 
not possible to increase the beam’s hardness or its yield 
load without increasing the cross section of FRP, for 
more cooperation in transporting the beam, before the 
steel reaches its yield point. Strengthening the beam with 
the FRP system increases the final capacity of the cross 
section in general.  
Shear strengthening of a concrete beam must also be 
considered if the concrete beam performs poorly in 
tolerating shear stress or when it tolerates the shear 
stresses less than the flexural capacity after flexural 
strengthening. Shear strengthening is in most cases a key 
and fundamental stage of effectively strengthening 
concrete beams. Using the bottom plane of FRP for 
flexural strengthening of reinforced concrete beams does 
not increase its shear strength that much; therefore, the 
flexural strengthening of the beams is not considered 
when planning the shear strengthening of the beams. It 
must be emphasized here that although the fibers attached 
to the lateral surfaces along the length of the beam do not 
help increase the beam’s shear capacity, the fibers 
attached to these sides increase the shear strength of the 
beam from other angles. Except for the angles which are 
parallel to the shear cracks, most of the angles are 
effective in and beneficial for the purpose of attaching 
fibers to the sides in order to eliminate and decreasing the 
width of the cracks. Varied plans have been suggested for 
using FRP material for shear strengthening. These plans 
include attaching FRP to the sides of the beam, using the 
U- shaped jacket to cover the sides and the bottom 
surface of the beam or wrapping the cross section with 
FRP stripes and fibers.  
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FRP had a significant impact on both the flexural- 
strengthened beams and the shear- strengthened beams as 
expected in such a manner that it displayed its effects on 
increasing flexural and shear strength in both models. 
Four samples were studied in this experiment. A simple 
sample which was not strengthened in any way, two 
samples which underwent flexural strengthening through 
using a sheet of FRP under the beam and a sample which 
underwent shear strengthening through using two FRP 
sheets on both sides of the beam. It is worth mentioning 
that it has not been used any sort of armature in these 
samples. As expected, the brittle failure occurred in the 
distance between the two stands in the simple sample 
based on Figure 4. Two similar samples for flexural 
strengthening were prepared with one FRP sheet in the 
bottom of the beam in this experiment. One of these 
samples broke due to premature bond-failure of FRP 
sheet, almost like the simple sample, it only demonstrated 
a slight increase in flexural strength due to the FRP sheet 
according to Figure 5. The second flexural sample 
showed a fairly good resistance against the load which 
could be because of the strong bond between the concrete 
and the FRP sheet this sample’s failure was due to shear 
weakness as shown in Figure 6. This sample experienced 
shear failure. The last sample of this test which had 
undergone shear strengthening had also a strong bond 
between the concrete and the FRP layers and showed a 
good resistance under the loads. The failure of this 
sample was due to flexural weakness as shown in Figure 
7. This failure indicates the proper behavior of this beam. 
The respective Table 2 and Figure 8 contain the failure 
force of beam sample obtained from the test. 
 
Fig. 4. Brittle failure in the distance between the two 
stands  
 
Fig. 5. Premature bond- failure of FRP sheet  
 
 
Fig. 6. Strong bond between the concrete and the FRP 
sheet 
 
 
Fig. 7. Flexural weakness of the beams  
 
Table 2. The results of the experiment 
 
Sample Failure force (kg)  
Simple beam  817 
Beam with flexural layers 1 1097 
Beam with flexural layers 2 1437 
Beam with shear layers 1117 
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Moreover, GFRP relative deformation has been 
measured to view the relative sliding between concrete 
and GFRP. This measure was conducted on the second 
flexural sample with flexural GFRP layers using manual 
and mechanical scales. As can be seen in Figure 9, 
relative deformation longitudinal GFRP sheets and the 
concrete surface at close GFRP sheets has been shown at 
the time of the failure loading. It can be concluded that 
relative deformation measured on the concrete surface 
and the sheet is proportional. The hypothesis of non-slip 
between concrete and sheet attached (cover sheet) has 
approved in this experiment. 
 
 
4. Summary 
This paper presents the application of GFRP in 
shear and flexural strengthening of concrete beams. The 
major conclusions derived from this experimental study 
are given as follows: 
Strengthening the beam with the GFRP system 
increases the final capacity of the cross section in general. 
Although the fibers attached to the lateral surfaces 
along the length of the beam do not help increase the 
beam’s shear capacity, the fibers attached to these sides 
increase the shear strength of the beam from other angles. 
The beam sample with shear layers of GFRP which 
had undergone shear strengthening had also a strong bond 
between the concrete and the FRP layers and showed a 
good resistance under the loads and the failure of this 
sample was due to flexural weakness. 
Relative deformation longitudinal GFRP sheets and 
the concrete surface at close GFRP sheets has been 
presented at the time of the failure loading. The 
hypothesis of non-slip between concrete and sheet 
attached (cover sheet) has approved in this experiment. 
It could eventually be stated that if the FRP sheets 
are used appropriately and with proper bracing in 
strengthening the concrete beam samples, there will be a 
significant increase in their shear and flexural strength. It 
could be claimed based on the results of researches [30] 
that FRP has a significant effect on increasing the 
ductility of concrete beams. This matter was not 
examined in the present research and the main objective 
of this study is to show the effect of FRP on increasing 
shear and flexural strength.  
Failure force, (Kg)
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Fig. 8. Relative deformation longitudinal GFRP sheets and the concrete surface 
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Fig. 9.  Relative deformation longitudinal GFRP sheets and the concrete surface 
International Journal of Integrated Engineering, Vol. 3 No. 1 (2018) p. 1-7 
*Corresponding author mrashidi@miners.utep.edu 
2011 UTHM Publisher. All right reserved. 
penerbit.uthm.edu.my/ojs/index.php/ijie 
6 
References 
[1] E. Cosenza, G. Manfredi, and R. Realfonzo, 
"Behavior and modeling of bond of FRP rebars to 
concrete," Journal of composites for construction, 
vol. 1, pp. 40-51, 1997. 
[2] F. Ascione, M. Lamberti, A. G. Razaqpur, and S. 
Spadea, "Strength and stiffness of adhesively bonded 
GFRP beam-column moment resisting connections," 
Composite Structures, vol. 160, pp. 1248-1257, 
2017/01/15/ 2017. 
[3] M. Muttashar, A. Manalo, W. Karunasena, and W. 
Lokuge, "Flexural behaviour of multi-celled GFRP 
composite beams with concrete infill: Experiment 
and theoretical analysis," Composite Structures, vol. 
159, pp. 21-33, 2017/01/01/ 2017. 
[4] D. Martins, M. Proença, J. R. Correia, J. Gonilha, M. 
Arruda, and N. Silvestre, "Development of a novel 
beam-to-column connection system for pultruded 
GFRP tubular profiles," Composite Structures, vol. 
171, pp. 263-276, 2017/07/01/ 2017. 
[5] R. Kotynia, M. Kaszubska, and J. A. O. Barros, 
"Shear Behavior of Steel or GFRP Reinforced 
Concrete Beams Without Stirrups," in High Tech 
Concrete: Where Technology and Engineering Meet: 
Proceedings of the 2017 fib Symposium, held in 
Maastricht, The Netherlands, June 12-14, 2017, D. 
A. Hordijk and M. Luković, Eds., ed Cham: Springer 
International Publishing, 2018, pp. 769-777. 
[6] B. H. Osman, E. Wu, B. Ji, and S. S. Abdulhameed, 
"Shear behavior of reinforced concrete (RC) beams 
with circular web openings without additional shear 
reinforcement," KSCE Journal of Civil Engineering, 
vol. 21, pp. 296-306, 2017. 
[7] Y. Li, X. Liu, and J. Li, "Bond properties of FRP-
concrete interface with nano-modified epoxy resin 
under wet-dry cycles," KSCE Journal of Civil 
Engineering, vol. 21, pp. 1379-1385, 2017. 
[8] P. Alagusundaramoorthy, I. Harik, and C. Choo, 
"Flexural behavior of R/C beams strengthened with 
carbon fiber reinforced polymer sheets or fabric," 
Journal of composites for Construction, vol. 7, pp. 
292-301, 2003. 
[9] M. A. Sakr, T. M. Khalifa, and W. N. Mansour, 
"Analysis of RC Continuous Beams Strengthened 
with FRP Plates: A Finite Element Model," Civil 
Engineering Journal, vol. 2, pp. 576-589, 2016. 
[10] L. Ascione and L. Feo, "Modeling of 
composite/concrete interface of RC beams 
strengthened with composite laminates," Composites 
Part B: Engineering, vol. 31, pp. 535-540, 2000. 
[11] J. F. Bonacci and M. Maalej, "Externally bonded 
fiber-reinforced polymer for rehabilitation of 
corrosion damaged concrete beams," Structural 
Journal, vol. 97, pp. 703-711, 2000. 
[12] J. Bonacci and M. Maalej, "Behavioral trends of RC 
beams strengthened with externally bonded FRP," 
Journal of Composites for Construction, vol. 5, pp. 
102-113, 2001. 
[13] J. Teng, S. T. Smith, J. Yao, and J. F. Chen, 
"Intermediate crack-induced debonding in RC beams 
and slabs," Construction and building materials, vol. 
17, pp. 447-462, 2003. 
[14] H. Toutanji, L. Zhao, and E. Anselm, "Verifications 
of design equations of beams externally strengthened 
with FRP composites," Journal of Composites for 
Construction, vol. 10, pp. 254-264, 2006. 
[15] H. Saadatmanesh and M. R. Ehsani, "RC beams 
strengthened with GFRP plates. I: Experimental 
study," Journal of structural engineering, vol. 117, 
pp. 3417-3433, 1991. 
[16] M. Rashidi & H. Takhtfiroozeh "Determination of 
Bond Capacity in Reinforced Concrete Beam and Its 
Influence on the Flexural Strength," Mechanics, 
Materials Science & Engineering Vol.6, pp. 135-144, 
2016. 
[17] A. Chahrour and K. Soudki, "Flexural response of 
reinforced concrete beams strengthened with end-
anchored partially bonded carbon fiber-reinforced 
polymer strips," Journal of Composites for 
Construction, vol. 9, pp. 170-177, 2005. 
[18] M. Rashidi, H. Takhtfiroozeh, "The Evaluation of 
Torsional Strength in Reinforced Concrete 
Beam," Mechanics, Materials Science & 
Engineering, Vol 7, pp. 76 84, 2016. 
[19] M. Arduini and A. Nanni, "Behavior of precracked 
RC beams strengthened with carbon FRP sheets," 
Journal of composites for construction, vol. 1, pp. 
63-70, 1997. 
[20] M. Maalej and Y. Bian, "Interfacial shear stress 
concentration in FRP-strengthened beams," 
Composite Structures, vol. 54, pp. 417-426, 2001. 
[21] Rashidi, M., Ashtiani, S. R., Si, J., Izzo, R. P. & 
McDaniel, M. (2018). A practical approach for the 
estimation of strength and resilient properties of 
cementitious materials in the laboratory. 97th TRB 
Annual Meeting, Transportation Research Record: 
Journal of the Transportation Research Board 
(TRR),  
[22] Zhibin Lin, Fei Yan, Mohsen Azimi, Fardad Azarmi, 
Qusay Al-Kaseasbeh, "A revisit of fatigue 
performance based welding quality criteria in bridge 
welding provisions and guidelines," international 
industrial informatics and computer engineering 
conference (IIICEC), Shaanxi, China, 2015. 
[23] Hesami, S., Ahmadi, S., Taghavi Ghalesari, A, 
"Numerical modeling of train-induced vibration of 
nearby multi-story building: A case study", KSCE 
Journal of Civil Engineering, 20 (5), 1701-1713. 
2016. 
[24] Mohsen Azimi, Akbar Rasoulnia, Zhibin Lin, Hong 
Pan, " Improved semi-active control algorithm for 
hydraulic damper-based braced buildings" Structural 
Control and Health Monitoring Journal, Wiley, 2017. 
[25] Rashidi. M. and Haeri. S. M. (2017). Evaluation of 
The Behavior of Earth and Rockfill Dams During 
Construction and First Impounding Using 
Instrumentation Data and Numerical modeling. 
Journal of Rock Mechanic and Geotechnical 
Rashidi et al., Int. J. Of Integrated Engineering Vol. 3 No. 1 (2018) p. 1-4 
 
 
 7 
Engineering, Volume 9, Issue 4,  Pages 709 
725, https://doi.org/10.1016/j.jrmge.2016.12.003 
[26] D. M. Nguyen, T. K. Chan, and H. K. Cheong, 
"Brittle failure and bond development length of 
CFRP-concrete beams," Journal of Composites for 
Construction, vol. 5, pp. 12-17, 2001. 
[27] Rashidi. M, Azizyan. G. and Heidari. M. 
(2017). Numerical Analysis and Monitoring of an 
Embankment Dam During Construction and First 
Impounding (Case Study: Siah Sang Dam). Scientia 
Iranica, 10.24200/SCI.2017.4181 
[28] Taghavi Ghalesari, A., Barari, A., Fardad Amini, P., 
Ibsen, L. B, "Development of optimum design from 
static response of pile–raft interaction," Journal of 
Marine Science and Technology, 20, 331–343. 2015. 
[29] Fathi, A., Tirado, C., Gholamy, A., Lemus, L., 
Mazari, M., and Nazarian, S. (2018). “Consideration 
of Depth of Influence in Implementation of 
Intelligent Compaction in Earthwork Quality 
Management.” Transportation Research Board 97th 
Annual Meeting, 2018, Washington, DC, United 
States, 18-02100.https://trid.trb.org/view/1495174 
[30] Lemus, L., Fathi, A., Beltran, J., Gholami, A., 
Tirado, C., Mazari, M, and Nazarian, S. (2018). 
“Geospatial Relationship of Intelligent Compaction 
Measurement Values with In-Situ Testing for Quality 
Assessment of Geomaterials.” International 
Conference on Transportation and Development (p. 
293), 2018, 
ASCE. https://doi.org/10.1061/9780784481554.030 
[31] Tirado, C., Rocha, S., Fathi, A., Mazari, M., and 
Nazarian, S. (2018). “Deflection-Based Field Testing 
for Quality Management of Earthwork”, Report 
FHWA/TX-18/0-6903-1. El Paso, TX, 2018 
[32] Batioja-Alvarez, Dario D., Seyed-Farzan Kazemi, 
Elie Y. Hajj, Raj V. Siddharthan, and Adam JT 
Hand. "Probabilistic Mechanistic-Based Pavement 
Damage Costs for Multitrip Overweight 
Vehicles." Journal of Transportation Engineering, 
Part B: Pavements 144, no. 2 (2018): 04018004. 
[33] Haeri, S. Mohsen, A. Mohammad Hosseini, 
Mohammad Mahdi Shahrabi, and Saman Soleymani. 
"Comparison of strength characteristics of Gorgan 
loessial soil improved by nanosilica, lime and 
Portland cement." In 15th Pan American Conference 
on Soil Mechanics and Geotechnical Engineering. 
2015. 
[34]  S. F. Brena and B. M. Macri, "Effect of carbon-
fiber-reinforced polymer laminate configuration on 
the behavior of strengthened reinforced concrete 
beams," Journal of composites for construction, vol. 
8, pp. 229-240, 2004. 
[35] S. H. Alsayed and A. M. Alhozaimy, "Ductility of 
concrete beams reinforced with FRP bars and steel 
fibers," Journal of composite materials, vol. 33, pp. 
1792-1806, 1999. 
 
 
 
 
